The amount of genomic and proteomic data that is published daily in the scientific literature is outstripping the ability of experimental scientists to stay current. How is a scientist to find specific information without having to retrieve and integrate a plethora of data from a large number of papers? Comprehensive databases offer a solution to this problem, but mostly for gene and protein sequences and protein structures, thanks to obligatory data deposition policies. By contrast, mutation and ligand binding information remains less accessible. A fastidious bibliographic search is often required, and from this the voluminous literature identified must be scrutinized. The solution we are presenting here is the automated extraction of relevant experimental data from electronic literature sources using computational methods. We have implemented a method using pattern matching, called MuteXt (Horn and Cohen, submitted), which identifies and extracts point mutations from the scientific literature. The program was first trained on G protein-coupled receptors and then applied to nuclear hormone receptors.
Introduction
The amount of genomic and proteomic data that is published daily in the scientific literature is outstripping the ability of experimental scientists to stay current. How is a scientist to find specific information without having to retrieve and integrate a plethora of data from a large number of papers? Comprehensive databases offer a solution to this problem, but mostly for gene and protein sequences and protein structures, thanks to obligatory data deposition policies. By contrast, mutation and ligand binding information remains less accessible. A fastidious bibliographic search is often required, and from this the voluminous literature identified must be scrutinized. The solution we are presenting here is the automated extraction of relevant experimental data from electronic literature sources using computational methods. We have implemented a method using pattern matching, called MuteXt (Horn and Cohen, submitted), which identifies and extracts point mutations from the scientific literature. The program was first trained on G protein-coupled receptors and then applied to nuclear hormone receptors.
Methodology

Input data
Documents are retrieved from the Medline database using the PubMed query system (Figure 1 ). Protein family names and keywords like 'mutagenesis' and 'mutation' are used as search criteria. When available, the full texts of the matching citations are downloaded in HTML and PDF and converted into plain text. Swiss-Prot [1] entries for the protein family of interest are retrieved from the GPCRDB [2] or the NucleaRDB [3] . The contents of the description and gene name lines of the set of Swiss-Prot entries are automatically parsed to create a name dictionary. A list of terms that can be mistaken with point mutations (e.g. cell line T47D) was manually created to optimize the extraction of point mutations.
Figure 1:
The flow chart summarizes the main tasks for the extraction of mutation data by MuteXt. Citations are selected from Medline and the corresponding full texts are imported from journal websites. Each article is processed to identify and extract protein names, organism types and point mutations. Each point mutation is then validated by plausibility filters using sequence information and word distances. Validated point mutations are stored in a MySQL database prior to be displayed on the WWW
Information Extraction
Each article in plain text is then searched for the presence of point mutations. Typically, a point mutation in a protein is described by the wild-type amino acid (in one-or three-letter code), the position in the sequence, and the mutant amino acid (in one-or three-letter code). MuteXt is able to recognize different formats used by authors to describe point mutations (e.g. A234T, Ala234Thr, A(234)T, A234->T, etc.). The sequences that correspond to the proteins described in the articles are retrieved using the name dictionary and the cited organisms.
Data Validation using plausibility filters
The first filter consists of checking whether the wild-type amino acids (e.g. Ala in 'A234T') in the extracted point mutations are found at the indicated positions in the corresponding sequences. When several sequences remain after the first filter, word distances between the different extracted data (i.e. point mutations, protein names and organism types) are used. Point mutations are validated only if one unique Swiss-Prot entry matches both filter.
Evaluation of the Performance of MuteXt
Validated and non-validated point mutations were manually examined for all the selected articles in order to measure the performance of the method. Each point mutation was labeled TP (true positive), FP (false positive), TN (true negative) or FN (false negative).
Results
Our first application of MuteXt was to G protein-coupled receptors (GPCRs), a pharmacologically important and evolutionary diverse family of proteins. The single point mutations of tinyGRAP [4] v6.0 were used as a control dataset. We have extracted and validated 2734 true point mutations for GPCRs. MuteXt is 49.3% sensitive and 87.9% specific for GPCR mutations. For the nuclear hormone receptor (NR) family, Medline queries led to the retrieval of 1094 citations from which we have extracted 785 true point mutations. MuteXt is 64.5% sensitive and 85.8 % specific for NR mutations. True positive point mutations are integrated into the corresponding protein database (GPCRDB or NucleaRDB) where they are combined with sequence information via multiple sequence alignments. This allows users to compare point mutations between different protein families and organisms. The results for the retrieval of documents and extraction of point mutations for both families are shown in Table 1 . 
Conclusion
We have developed a method that extracts point mutations from the literature and have applied the method to two important receptor families. Although, the percentage of full text articles retrieved (41.8%) and the sensitivity for point mutations (49.3%) are rather low, the method presents a specificity of 87.9%. MuteXt missed about 50% of the point mutations when only the abstract was available. In fact, we obtain a sensitivity of 69.5% if only full text articles are considered. The retrieval of point mutations is mostly limited by the low number of available full text articles. MuteXt can easily be applied to other protein families. The challenge that remains is to extract information describing the effects of the mutations. This will probably require advanced techniques in order to perform a deep analysis of the structure of the sentences surrounding the mutations.
